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Abstract
From a multidimensional perspective on the analysis of poverty, an an-
thropometric dimension has been added as an integral reference of welfare,
reinterpreting the physiological signiﬁcance of the existence of diﬀerent
types of malnutrition among 0.5 to 6 year old children, as well as those
children who will suﬀer a global deﬁciency in their essential capabilities
and functionings in the future. Two-dimensional FGT, Sen and Gini an-
thropometric indexes have shown that malnourished families not only do
have the most unequal income but also that the future poor people gener-
ation in the NEA and NOA regions will be the worst aﬀected in terms of
cultural and cognitive capacities.
Keywords: food crisis, anthropometric deprivation, malnutrition, anthropometric poverty,
bidimensional F-G-T, anthropometric Sen index.
JEL Classiﬁcation: D30, I32, I19
Resumen
Desde una perspectiva multidimensional al análisis de la pobreza, se
adicionó una dimensión antropométrica como referencia integral de bien-
estar humano, reinterpretando el signiﬁcado ﬁsiológico de la existencia de
diferentes tipos de desnutrición presente en niños Argentinos entre 0,5 y 6
años de edad como el de aquellos que sufrirán carencias globales sobre sus
capacidades y funcionalidades esenciales en el futuro. Indices FGT bidi-
mensional, Sen y Gini antropométricos demostraron que familias desnutri-
das no sólo poseen distribuciones del ingreso más desiguales, el NEA y NOA
serán también las más perjudicadas en términos de capacidades cognitivas
y culturales en la siguiente generación de pobres.
Palabras Clave: crisis alimentaria, deprivación antropométrica, desnutrición, pobreza
multidimensional, FGT bidimensional, Sen antropométrico.
Clasiﬁcación JEL: D30, I32, I19
ANTHROPOMETRIC POVERTY MEASUREMENTS: THE ARGENTINE CASE
1 Introduction
Infant mortality seems to be an unavoidable feature of the human race; currently,
6 million children under 5 die every year in the world as a direct or indirect cause
of malnutrition (Basset and James-Levinson 2007, [1]); this undoubtedly shows
one of the current, most asymmetric and cruelest facts of the human existence.
In the international context of high prices of basic goods until mid-2008, the
World Bank estimates noticed that the increase in food prices immediately led
nine hundred million new poor people to poverty and one hundred million people
to starvation (The World Bank News 2008, [20]); this meant the beginning of a
world food crisis.
The future is so tragic that global-scale malnutrition specialists such as the
Director of the United Nation World Food Program (WFP) Josette Sheeran calls
the phenomenon a `silent Tsunami' (U.N. News Centre 2008, [21]) which will
devastate the poorest and lowest-income populations of the planet.
Sorrowfully, the phenomenon is not bounded to the poorest regions of Africa
or Asia, in Latin America, in countries such as Haiti, families eat `mud crackers',
a mixture of mud, water, a bit of oil and salt (Pina K. 2008, [13]) to tackle
starvation.
Taking into consideration the current food contexts, it is hoped that this
work will help people become conscious of the need to have updated information
about the social dimension of nutrition conditions, so relevant and sensitive when
it comes time to ﬁght long-term, ﬁrmly rooted, chronic poverty.
The fact that Argentina is one of the world's food producers leads to the idea
that the food crisis would not aﬀect the country deeply. However, it has been a
fact since the 2001 crisis, particularly in the Northeast and Northwest regions;
malnutrition among the poorest people is a latent cause which this work would
like to explain in great detail.
To consider such phenomenon when measuring chronic poverty, it is necessary
to add social dimensions which represent the nutrition conditions of all the indi-
viduals living in a particular area or place. Using income as the only evidence of
welfare is therefore a limiting search to try to truthfully measure poverty levels
from one generation to another.
In that search, and by means of a multidimensional poverty theory, an income
variable and two anthropometric variables (weight-for-height and height-for-age)
are evaluated, as measurements of nutrition development.
Empirically, the work core will be the study of multidimensional poverty in
up-to-6-year- old children, by means of the incorporation of an anthropometric
dimension to the measurement of poverty as a measurement of incapabilities
and disfuctionings of the next generation by adding developing children's current
nutrition conditions.
Additionally, one of the key objectives of this work is to enhance the scope to
the future measurement of anthropometric deprivation, in moments when there
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is available updated anthropometric data of several periods, so as to be able to
assess its evolution through panel data analysis.
At present is carried out:
(i) The identiﬁcation of the poorest and lowest-income groups of the popula-
tion, who are more sensitive to increases in food prices.
(ii) The study of the diﬀerent degrees of anthropometric deprivation or malnu-
trition, among the low-income sub-groups of the population.
(iii) The study of the existence of links between income and anthropometric
deprivation, as well as their distribution among those anthropometrically
deprived, quantifying their impact through already existing poverty indexes.
(iv) A new understanding and interpretation of anthropometric poverty coeﬃ-
cients, in terms of future capability and functioning losses.
(v) The identiﬁcation of areas of application of policies focused on ﬁghting
malnutrition in the new national and world food crisis context.
(vi) The identiﬁcation of research lines in the poverty economics by using an-
thropometric variables to ﬁght against the most urgent, ﬁrmly rooted poverty.
In the following section the theoretical poverty and malnutrition framework is
presented; then the nature and measurement of the anthropometric deprivation
is described in Chapter 3. The description of the data base is made in Chapter 4;
Chapter 5 deals with the approximation to the measurement of anthropometric
poverty. The hypotheses and empiric results obtained are detailed in Chapter
6. Finally, Chapter 7 presents the arrived conclusions arrived at and the current
state of science in reference to the future research lines in the ﬁeld of multidi-
mensional poverty.
2 Anthropometric Deprivation and Poverty
Literature deﬁnes poverty as a multidimensional phenomenon. For this reason, it
is necessary to determine all possible forms of poverty which societies may suﬀer
from. Although the present work will not be a speciﬁc multidimensional approx-
imation work two-dimensional instead, it will seek to add an anthropometric
dimension to the study of poverty with the aim of re-directing the perception
of what is considered poverty among the most aﬀected strata in direct correla-
tion with the most ﬁrmly rooted, persistent structural poverty within a group of
people.
Due to the integral nature of the phenomenon, Amartya Sen (1985, 1992,
1999; [15][17][18]) rules out the concept of poverty as a mere scarcity of income.
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He suggests expanding the concept of poverty so that it also comprises all those
people who are not able to develop basic capabilities and functionings to attain
a level of initial welfare. Hence the question: How can a person develop all their
capabilities without a biological support to make it possible? In that search,
anthropometry comes up as one of the simplest and most secular ways used to
measure such basic support in people's development.
In terms of equal opportunities, and leaving genetic diﬀerences aside, ensuring
each individual's full mental and physical capabilities should be the obligation of
any nation towards their citizens. Therefore, to guarantee equal opportunities in
terms of nutrition, should also be a priority of any social science that advocates
to the human welfare analysis. In this work, tools are proposed and developed
to fully appreciate the magnitude and depth of the anthropometric deprivation
on individuals within a certain group of people.
Anthropometry is extensively accepted as the most practically used tool to
evaluate the nutrition status of human beings in general, and in particular, of
children and adolescents in their stages of development. The individuals size as
their anthropometric status, is also used as a measurement of life quality given the
fact that they oﬀer welfare measurement in relation to the natural development
of individuals physical prop.
Among the wide range of literature that comprises diﬀerent aspects of anthro-
pometry, it is very necessary to mention Robert Fogel's (1986, 1987, 2004, 2004b;
[4][5][6][7]) key contributions to economics and biometrics as he was the ﬁrst to
combine anthropometric, nutritional and bio-medic variables with a sharp under-
standing of health conditions and its consequences on welfare economics. Fogel,
among other contributions, related the prevalence of chronic diseases, disabilities
and infant mortality to anthropometric variables such as height and body mass
index.
For this reason, even though the present work emphasizes the study of multi-
dimensional poverty, it does have, from the very beginning, a Fogel spirit due to
its inherent nature.
Other important contributions can be appreciated in Steckel (1995, [19]), who
looks for links between incomes and the anthropometric measurement height as
an alternative way of measuring life standards. Steckel himself widely revised the
economics-anthropometric literature and found a positive correlation between
height and levels of income per capita among individuals; he also found a high
sensitivity in height variable among the lowest-income groups taking into consid-
eration 16 countries with low and high average incomes in 1990 and 1991.
By addressing welfare multidimensionality, Sen (1985, 1992, 1999; [15][17][18])
suggested that besides observing income as a measurement of welfare and poverty,
the individual's functionings and capabilities should also be observed; hence, a
person's welfare should be deﬁned as the presence of essential functionings to
develop tasks, and the capabilities as the extent of a person's indispensable means
to develop them.
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In this way, poverty indexes should be used to notice individuals' inability
to attain a minimum level of basic capabilities in order to function and develop;
it would also be possible to perceive individuals' inabilities to, for example, be
healthy, well-nourished, educated, protected, etc.
To measure them, Bourguignon and Chakravarty (2003, [2]) proposed a quan-
titative theory that makes it possible to expand Foster, Greer and Thorbecke's
(1984, [8]) poverty indexes into multiple dimensions, so as to reﬂect people's
(functionings shortage in a more comprehensive way, and individuals' lack of
material wealth, in a more representative way.
At local level, one of the few existent works that pretends to reﬂect the evolu-
tion of such lacks from a multidimensional measurement of poverty, Conconi and
Ham (2007, [3]), oﬀered an analysis of relative multidimensional poverty for Ar-
gentina using the Ongoing Household Survey (Encuesta Permanente de Hogares
 EPH) between the 1998-2002 periods on diﬀerent economy dimensions: labor
condition, housing, education and income. They found an increasing tendency in
social levels of exclusion as a result of the multidimensional measurement.
This work advances towards a multidimensional measurement of poverty tak-
ing into consideration the same theoretical structure developed by Bourguignon
and Chakravarty (2003, [2]), but only using two dimensions of child's welfare:
incomes and anthropometry. In this way the results shown here oﬀer information
about the current, as well as the long-term poverty study of the general welfare
of the population represented.
3 Anthropometric Deprivation and its Measure-
ment
Anthropometry, especially weight and size, constitutes the most direct, low cost,
non-invasive, trustworthy, reproducible and objective way of measuring nutri-
tional status due to its capacity to sum up the nutritional history of individuals,
as well as of populations.
According to the World Health Organization (WHO 1986, [23]) anthropomet-
ric variables are used to create indicators of nutritional statuses. Among many
evaluation methods, the use of the pediatric `z-score' is preferred; it homogenizes
the presentation, the analysis and the interpretation of anthropometric data for
the nutritional evaluation of a population.
Three basic anthropometric variables: size, weight and age are combined to
create the two fundamental anthropometric indexes weight-for-height (W/H) and
height-for-age (H/A), which are widely used in the nutritional evaluation of a
developing individual. They consider the standard individual deviation of every
child with respect to the median of the population of reference as a means to
qualify the growth of an individual into normal or malnourished.
4
ANTHROPOMETRIC POVERTY MEASUREMENTS: THE ARGENTINE CASE
Due to the necessity of a reference population which exceeds the regional
genetic diﬀerences, and in the search of standardization to measure malnutrition
among 0-5 year old children including Argentina, the values used are those of
the W/H and H/A average population made by Sociedad Argentina de Pedriatía
(Argentine Pediatric Society) for the whole country. (Lejarraga 1987, [11]).
According to the WHO International Standards (1986, [23]), both evaluation
indexes of nutritional development are obtained as follows:
Zij =
xij −medij
sdij
(1)
The number of individuals i will be the number of toddlers N in the sample
considered, so that i = (1, . . . , N) between the age range from 0 to 5 years,
recommended by the WHO for the nutritional appreciation.
The Z score of the i developing individual, according to the anthropometric
variable j = (1, 2) will then be the result of the diﬀerence between its anthropo-
metric value x and med, the average of the population of reference corresponding
to sex and age, in standard deviation units.
As j may be j = 1, 2 whether the W/H or H/A variables are considered,
there are averages of reference according to age and sex, which ﬁnally conform
the two key variables for the characterization of the nutritional state upon which
this work is based.
3.1 Anthropometric Deprivation: Nutritional Signiﬁcance
and Classiﬁcation.
Anthropometric deprivation or child malnutrition can initially be classiﬁed into
two basic categories: wasting and stunting.
The ﬁrst mentioned, also called acute malnutrition or emaciation, can be at-
tributed to a child's tissue or body mass deﬁcit in comparison with other children
of the same height, and are identiﬁed with the reported variable values weight-for-
height which are lower than two standard deviations with respect to the average
of reference. One of the characteristics of wasting is that it can appear and dis-
appear quickly according to the environment. That is why seasonal phenomena
such as diet variation, illnesses or food provision may condition it.
The second category, stunting or chronic malnutrition, is synonymous with
a decrease of the speed of skeletal growth and it is identiﬁed with the reported
values of the variable height-for-age which are lower than two standard deviations.
On the other hand, this nutritional status has been associated with conditions
of general poverty in multiple dimensions of welfare (housing, education, income,
etc.) for a long time. This type of anthropometric deprivation is undoubtedly the
most worrisome due to the fact that the irreversible damage it causes to toddlers
today will bring about after-eﬀects for the rest of their lives.
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3.1.1 Classiﬁcation of Malnutrition According to its Severity.
Additionally, Waterlow's classiﬁcation et. al. (1977, [22]), is taken into consid-
eration; it orders what has been stated above according to its severity, and it
also takes into account those cases in which both phenomena appear together
(stunting) and (wasting), diﬀerentiating the shortened individual's malnutrition
between mild and severe. In this classiﬁcation, the mild-chronic malnutrition
is also called compensated because it presents a normal speed of growth; by
contrast, the severe-chronic malnutrition is called decompensated because it is
related to an abnormal speed of growth.
To graphically summarize the above mentioned information and incorporating
threshold values according to the Standards of the World Health Organization
Bulletin (WHO 1976, [23]) the following chart represents the toddler's classiﬁca-
tion in accordance with the standard `Z score' compiled for the W/H and H/A
values - from now onwards referred to as zi1 and/or zi2 respectively - between
6-month to 5-year-old children who suﬀer from some kind of nutritional lack as
can be appreciated below.
Table 1: Malnutrition Classiﬁcation According to Type.
T/E  P/T Zi1 > −2sd Zi1 < −2sd
Zi2 > −2sd Normal WastedAcute Malnutrition
Zi2 < −2sd
Stunted
Chronic Malnutrition
(Mild)
Stunted & Wasted
Chronic Malnutrition
(Severe)
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On the basis of this anthropometric classiﬁcation, given the nutritional wel-
fare, the making up of a nutritional status variable will be backed up in the
subsequent measurement of poverty severity, indigence and anthropometric de-
privation.
3.2 Reinterpretation of Anthropometric Poverty
When it comes time to evaluate children in their full physical and cognitive
development stages, a speciﬁc interpretation is presented in relation to these
individuals' future functionings, where it is possible to have a feeling of what
proportion of the population may have problems in terms of general functionings
and capabilities when they reach their adulthood.
In reference to Sen's vision, which has already been described above, (ca-
pabilities and functionings), a special interpretation is made when handling the
analysis of the anthropometric dimensionality meaning; which makes it possi-
ble to measure the welfare of the child's biological support by considering the
irreversible nature of malnutrition and its consequences at an early age: an un-
appropriated nourishment support is the origin of all future multidimensional
deprivations, in terms of the development of human capabilities and functionings
(see Ortale 2003, [12]), which the current anthropometrically deprived will suﬀer
at their mature age.1
This interpretation, generational indeed, and even based on recent cross-
sectional data; tries in fact to ﬁnd representative coeﬃcients of those who will
present irretrievable shortages once their biological stage of development in the
early years of life has ended.
4 Data and Basic Results
The National Health and Nutrition Survey (Encuesta Nacional de Salud y Nutri-
ción  ENNyS) carried out by the National Ministry of Health gathers economic,
demographic, biochemical and anthropometric characteristics of Argentina, col-
lected during the second semester 2004 and ﬁrst semester 2005. It contains na-
tional and regional representative cross-sectional data with very detailed infor-
mation about household socio-economic characteristics, and several measures for
children, whereby is the source of the income and anthropometric variables here
considered.
1 From the discussions arisen at the Thesis Seminar where the reason of the empiric eval-
uation on children was questioned, Irene Bambrilla's contribution- it has been agreed that
besides the vision and interpretation of the use of anthropometric variables as an additional
welfare measurement, lacks of nutrition are also directly associated with the probability of
infant death.
7
RODRIGO LOPEZ-PABLOS
In the survey, it is possible to identify 12.435 observations of 0.5 to 6 year old
children of both sexes, provided for every representative region of the country.
Due to the fact that 536 children observations were of families whose heads
of households informed have done some jobs but without declaring any kind of
income, the incomes for that sub-group were estimated by means of Heckman's
censured model, in two stages (Heckman 1979, [10]); as an estimate of a non
declared head of household income as can be seen in the Appendix, Table 3. In
the Appendix, Table 3 only corresponds to the second part of the estimation of
salaries; in it, traditional regressors to Mincer's estimations such as education,
attendance, age, squared age - as proxy variable to labor experience - and the
number of family members were used, all of which turned out to be signiﬁcant.
By means of this regression, the 536 observations were replaced by the es-
timate values obtained, as the supposed incomes (salaries) of those heads of
households who did not state any salary although they were working.
In the Appendix, Table 4, as an analogy to income dimensions, the Ongoing
Household Survey (Encuesta Permanente de Hogares  EPH) per person was
considered together; the data corresponds to the period of the ENNyS making
for the whole country and only takes into consideration boys and girls who were
up to six years old by the time the survey was carried out, in order to evaluate
the consistency and parallelism between the surveys. There, it is possible to
appreciate the number of toddlers considered for every region, as well as the
diﬀerent levels of average income in each survey.
In the same Appendix, Table 4, have been calculated the average values of the
two fundamental anthropometric variables: weight-for-height (zi1) and height-for-
age, (zi2) trying to look for signiﬁcant regional diﬀerences. As can be appreciated,
standard anthropometric values do not diﬀer signiﬁcantly from one region to
the other with respect to the median of reference of the Argentine Pediatric
Society (Sociedad Argentina de Pediatría  SAP).2 When observing the standard
deviation with respect to the value median in both indexes, it is clear that in
neither case was reported a variable which exceeds the critical thresholds of the
two standard deviations with reference to the average coeﬃcients obtained.
4.1 By Constructing of the Alpha Variable
Starting from the malnutrition classiﬁcation according to the severity evaluated
in the two basic anthropometric variables: weight-for-height (zi1) and height-
for-age (zi2), a variable of the state of anthropometric deprivation was created
according to the degree of malnutrition level reported by the toddler and which
will be called alpha (α), as shown in Table 2.
2Due to the fact that the SAP presents a table of reference for the whole country, it is
be possible to make a deeper analysis about the implications that the existence of genetic
diﬀerences might have among the diﬀerent regions - Mariana Marchionni and Martín Tetaz's
comments-.
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Table 2: An order for the severity of malnutrition according to type
T/E  P/T Zi1 > −2sd Zi1 < −2sd
Zi2 > −2sd Normal(α(zij) = 0)
Wasted
Acute Malnutrition
(α(zi1) = 2)
Zi2 < −2sd
Stunted
Chronic Malnutrition
(Mild)
(α(zi2) = 3)
Stunted & Wasted
Chronic Malnutrition
(Severe)
(α(zij) = 4)
In this way, and by means of this new variable of order according to the de-
gree of severity of the anthropometric deprivation obtained, an undernourished
individual is identiﬁed as one who belongs to a family which reports at least one
undernourished or emaciated member, regardless of the type of their speciﬁc mal-
nutrition. Used as an initial counter, the alpha variable will adopt a (α(zij)+ = 1)
value to measure the total proportion of all kinds of undernourished individuals3.
Nevertheless, the alpha variable per se will only consider values between 2
and 4 according to every type of child anthropometric deprivation. These values
increase in a monotonous way; the depth of child malnutrition levels increase: the
alpha variable becomes a 2 (α(zi1)) value in the cases of wasting; a 3 (α(zi2)) value
when malnutrition is mild chronic or the child is stunted in relation to age, and a
4 (α(zij)∗ = 4) value in the most extreme cases, when children not only do show
stunting but also wasting, a phenomenon known as acute chronic malnutrition.
This simple variable of order plays a fundamental role in the subsequent analysis
of two-dimensional indicators.
4.2 Scaling up the Standard Values
Due to the fact that the variables weight-for-height (zi1) and height-for-age (zi1)
belong to the real negative and positive values, this is: (zi1, zi2) ∈ R.
If the anthropometric values were not scaled to the real positive values, this
would bring about serious problems when applying methods of aggregation, since
we have to take advantage of the existing analytic structure of indicators which
have been made on the basis of positive income assumptions.
Due to the fact that the standard anthropometric variables naturally tend to
3Notice that α(zij)+ = 1 can also be understood as the total sum between acute undernour-
ished and mild chronic undernourished individuals α(zij) = 1 = α(zi1) + α(zi2).
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a normal distribution with median equal to zero, the standard variables zij were
scaled adding up the minimum value observed4 so that:
Zp/t +min(z¯i1) Zt/a +min(z¯i2) ⇒ (Z ′p/t, Z ′t/a) ∈ R+
Rescaling the standard values to the ﬁrst positive quadrant of real numbers,
it is possible to maintain the properties of the depth and severity poverty indexes
subsequently considered.
4.3 Equivalent Adult Income and Poverty Lines
Since the information about the age of all members of every family surveyed by
the ENNyS is not available, it was impossible to calculate the adult equivalent
measures for individuals below 6 years old. Therefore, the equivalent income
was calculated for every income decile by using the EPH periods parallel to the
ENNyS, which did have the ages of all the individuals surveyed accordingly to
each region.
The poverty lines of the adult equivalent income to be considered will be
the lines average stated by the National Department of Census and Statistics
(Instituto Nacional de Estadística y Censo  INDEC), corresponding to the period
the survey was carried out, at current prices, as can be seen in the following table:
Table 5: Indigence and poverty lines 2004-2005
Income Lines GBA Cuyo NEA NOA Pampeana Patagonia
p1(Poor) 244.46 213.25 216.55 211.33 221.15 232.13
p2(Indigents) 111.17 99.27 99.83 97.83 104.94 115.06
Source: Author's estimation based on the oﬃcials poverty lines 2004-2005.
These represent the oﬃcial poverty and extreme poverty lines corresponding
to 2004-2005 periods when the ENNyS was carried out.
4 Facundo Crosta's contribution as a technique to scale up values to the ﬁrst quadrant.
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5 Methodological Approximation to the Anthro-
pometric Poverty Measurement
To fully appreciate anthropometric poverty, is proceeded to adopt the already
existing poverty measurements by adding an anthropometric dimension to their
estimations.
First, the incidence rate is calculated by means of head-counts for every poor,
indigent, and any child presenting whatever kind of malnutrition. Then, the
poverty, indigent and anthropometric gaps are calculated to later advance towards
the study of income distribution of the anthropometric poor through a conditional
Gini index in child nutritional states.
Once the above mentioned components are obtained, it will not be diﬃcult
to calculate the income and anthropometry Sen Indexes for every type. Finally,
the two-dimensional FGT indexes of generational severity in the transmission of
chronic poverty are estimated.
5.1 Income and Anthropometric Head-Counts
Prevalence rates or head-counts for every region, for poor and indigent children
are calculated as follows:
Hyp =
1
N
N∑
i=1
I(yi ≤ y¯p) (2)
Additionally, four head-counts are calculated, one for each type of reported
malnutrition, or in other words, one for every alpha state, so that:
Hα(zij) =
1
N
N∑
i=1
I(zij ≤ z¯ij) (3)
Four anthropometric head-counts are obtained for all and every type of special
anthropometric deprivation.
5.2 Poverty and Indigent Anthropometric Gaps
In the same way it has been proceeded with the head-counts, at ﬁrst by calculating
the income gaps for poor and indigent individuals as follows:
Pyp =
1
N
N∑
i=1
(
1− y
y¯p
)
I(y ≤ y¯p) (4)
At the same time the anthropometric gaps are calculated as follows:
11
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Pα(zij) =
1
N
N∑
i=1
(
1− zij
z¯ij
)
I(zij ≤ z¯ij) (5)
Four anthropometric gaps will be obtained for all and every type of special
anthropometric deprivation.
5.3 Two-dimensions Anthropometric F-G-T Indexes
Taking into consideration Foster, Greer and Thorbecke (1984, [8]) index but
converting the alpha term into a variable according to Chapter 2, two types of
two-dimensional indexes appear: one in the income-anthropometry space and the
other in the anthropometry-anthropometry space; both spaces will have at least
one anthropometric dimension represented by the degree of malnutrition severity
(α(zij))5. Not only do these indexes have the capacity to grasp income severity
but they can also appreciate the degree of child malnutrition severity in relation
to their height and age.
5.3.1 Anthropometric Bidimensional Space
In the (zij, α(zi1, zi2)) ∈ R+ space, to every anthropometric variable (zi1, zi2) a
bidimensional FGT will be added according to the alpha variable severity of the
nutritional state reported by the toddler, as can be seen in the following:
FGT (zij, α(zij)) =
1
N
N∑
i=1
(
1− zij
z¯ij
)α(zij)
I(zij ≤ z¯ij);α(zij) ≥ 0 (6)
5.3.2 Income-Anthropometry Bidimensional Space
In the same way, but this time about the income-anthropometry space:
(yij, α(zi1, zi2)) ∈ R+, the variable of the severity degree of the anthropometric
deprivation, α(zij), punishes exponentially the lower distance of the minimum
threshold of those children who belong to families which have adult equivalent
incomes under the poverty or indigent line, so that:
FGT (yp, α(zij)) =
1
N
N∑
i=1
(
1− yi
y¯
)α(zij)
I(yi ≤ y¯lp);αz ≥ 0 (7)
Both will be very useful in the event they are applied to children in their full
process of developing, as a measurement of future deﬁciencies in terms of Sen's
functionings functionings, (see Sen 1985, 1992 and 1999; [15][17][18]).
5 Alternatively, this indicator of two-dimensional severity can be considered a special case
of the multidimensional index developed by Bourguignon and Chakravarty (2003, [2]).
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5.4 Anthropometric Gini for Poor and Indigent Individuals
Additionally, the intention of this work has been that of evaluating the income
distribution of those individuals presenting nutritional deprivation. In order to do
this, the Gini indexes were calculated for every type of poor individual, according
to the poverty line, indigence and anthropometric thresholds.
Following is the Gini index of adult equivalent incomes for every child pre-
senting some type of malnutrition:
Gy,α(zij) =
1
2q2mp
q∑
k=1
d∑
l=1
|yk − yl| ∀ α(zij) > 0 j = 1, 2 i = 1 . . . N (8)
From this, four anthropometric Gini indexes of income will be obtained for
all and every type of special anthropometric deprivation.
5.5 Anthropometric Sen Index
Once the head-counts, the poverty gaps and the Ginis for every type of poor-
indigent child are obtained, it is not diﬃcult to calculate the Sen Indexes for
every type of poor-indigent child, according to income, anthropometry or both
conjointly.
According to the Sen Index (1976, [14]) of income, the following:
Senyp = H
(
1− (1−Gyp)
µyp
z
)
(9)
It can be restated as:
Senyp = HypGyp + Pyp(1−Gyp) (10)
The above mentioned provides the two Sen Indexes of income for poor and
indigent children. However, the following information will provide indexes for
every type of anthropometric deprivation:
Seny,α(zij) = Hα(zij)Gyi,α(zij) + Pα(zij)(1−Gyi,α(zij)) (11)
From this, four anthropometric Sen Indexes of income will be obtained for all
and every type of special anthropometric deprivation.
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6 Empiric Results
Among the most important hypothesis that there will try to respond by means
of the empiric results obtained, we have the following:
(i) What type of anthropometric poverty or malnutrition aﬀects every region
most predominantly?
(ii) How is income distributed in those families with individuals under 6 who
presented some type of malnutrition?
(iii) Is there a relationship between human deprivation in terms of income and
anthropometry?
(iv) What regions present the most severe types of malnutrition with the highest
implications on long-term generational poverty?
6.1 Unidimensional Analysis
By tackling the one-dimensional empiric analysis, can be seen in the Table 6 of
the Appendix the results obtained in terms of poverty prevalence, indigence and
every type of deprivation or anthropometric poverty according to the degree of
malnutrition evaluated.
As can be seen in Table 6, NEA and NOA regions, not only do they lead the
percentage of poor and indigent children in reference to incomes 6, but they also
lead, on a national level the highest indexes of prevalence in reference to every
type of anthropometric poverty (H(1)).
The NOA region reported the highest values of severe and mild-chronic mal-
nutrition or stunting (H(3)). It is remarkable that the Patagonia region revealed
the highest levels followed by the NEA region of the worst type of anthropo-
metric poverty: chronic-severe malnutrition or simultaneous stunting and wasting
(H(4)).
In Table 7 can be observed the measurements of poverty and indigent gaps in
terms of income (Pyp1 , Pyp2), as well as the anthropometric gaps as a measurement
of the distance between severe malnutrition values reported under their respective
threshold, considering that: zi1 < −2.0 (P(2)) o zi2 < −2.0 (P(3)).
Due to the fact that there are only two anthropometric variables (zi1, zi2)
to calculate anthropometric gaps of every pure type of malnutrition, and none
to calculate their combinations (P(1), P(4))7, the anthropometric gaps for severe
undernourished individuals, or general malnutrition regardless of its type (P(1)),
are calculated from the multiplication or addition of P(2) y P(3), whichever applies.
6As a way of comparing, the coeﬃcients obtained were included, using the EPH periods
corresponding to the analog period of the ENNyS making  2004-2005.
7See section 4.1.
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In terms of income, the NEA region leads poverty and extreme poverty gaps,
followed by the NOA region. The Pampa region showed the highest chronic mild
malnutrition gaps (P(3)), as well as the highest general anthropometric gap. On
the other hand, Cuyo region showed the highest levels of wasted children (P(2))
and severe undernourished children (P(4)).
In the Appendix, Table 8 the degree of poverty severity or conventional FGT
index can be appreciated, assuming a constant alpha variable (α¯ = 2) regardless
the child's nutritional state.
6.2 Bidimensional Analysis
Following, the bidimensional FGT indexes are described according to the (6) and
(7) equations, as can be observed in Table 9 of the Appendix. The NEA and NOA
regions are the most aﬀected in the bidimensional anthropometry-income space;
this tells us that in these regions the lack of purchasing power is dangerously
combined with the lack of skills necessary to break free from the vicious circle of
poverty, and at the same time, it assures a prevalence of range and generational
transmission in terms of incapabilities and inabilities in these regions.
According to the types of malnutrition in the bidimensional anthropometry-
anthropometry spaces, we have found a higher severity of acute malnutrition in
Cuyo, Patagonia and NOA regions, whereas GBA and Pampa regions presented
higher values of chronic malnutrition severity. Such ﬁndings could be used to
the design of nutrition policies for every type of malnutrition, for every region
according to their severity.
On the basis of this criterion, in Cuyo, Patagonia and NOA regions, resources
and eﬃcient nutrition policies to ensure a basic biological support for their popu-
lations should be prepared to cope with recoverable or compensable malnutrition
in the short or long term. This is diﬀerent in the NEA or GBA regions, where
policies should be structured and implemented in the long term, especially to
break the generational transmission of structural poverty.
Evaluating the distribution of adult equivalent incomes in poor, indigent or
anthropometric poor families using the Gini index (??) (8), the Table 10 of the
Appendix presents the values obtained for.
As can be observed in Table 10, the Pampa and NEA regions have the core of
poor and indigent children, with the most unequal income (Gyp1 ,Gyp2 ). On the
other hand, regardless the region or type of anthropometric deprivation (Gy,1),
undernourished children belong to families who have adult equivalent incomes
worse distributed than those who are only under the oﬃcial poverty and ex-
treme poverty lines, without taking into account their nutrition state. In this
case, the NOA and NEA regions present the most unequal income among their
undernourished population (Gy,1, Gy,3 y Gy,4).
As a graphic view of distribution, it is possible to appreciate Lorenz's gen-
eral distributions among poor, indigent and undernourished individuals in every
15
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Argentine region8 at the Appendix's Figures subsection.
In Figure 1, it is now possible to visually appreciate a worse situation in terms
of inequality for those anthropometric poor individuals in the Pampa, NEA and
NOA regions. Among the indigent children, the Pampa and the NEA regions
reﬂected the highest income inequality. In Figure 3, Lorenz's curves of income
can be appreciated; they are more curved and concentrated among those children
who have any type of anthropometric lack. NOA and NEA regions are the ones
which have the most unequal incomes among families who suﬀer anthropometric
deprivation.
Starting from the Gini index, incidence rates and poverty gaps, according to
the (11) equation, are calculated the Sen indexes as can be seen in Table 11 of
Appendix.
According to Table 11, the conventional Sen Indexes reﬂect a worse situa-
tion in the distribution and prevalence of income in the NEA and NOA regions
among poor (Syp1 ) as well as indigent (Syp2 ) children. Additionally, and as itwas expected, ﬁrst the NOA and then the NEA regions reported the highest an-
thropometric Sen Indexes in all types of malnutrition (S(1)); severe malnutrition
(S(2)) and mild chronic malnutrition (S(3)), with the exception of severe chronic
malnutrition (S(4)) leaded by Cuyo and NEA regions. To sum up, it is evident
that the North of Argentina is the most aﬀected part of the country in terms of
anthropometric poverty, and as a consequence the most in need region in terms
of long term nutrition and cultural policies.
8Graphics represent the expansion corresponding to the Gini index of anthropometric poor
individuals Gy,1.
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7 Conclusions
The aim of this document is to shed light on this issue from the economy of
welfare and multidimensional poverty, towards the search of additional tools to
indentify and focus on the prevailing generational and chronic poverty within a
social group.
The linkage line pursued comprises the study of human nutrition by means
of anthropometric variables and multidimensional poverty indexes. The trans-
disciplinary work contents have enabled us to reach a new interpretation of
chronic poverty states as those which will aﬀect future poor adults' function-
ings and capabilities.
Although the measurements of anthropometric poverty could be very use-
ful for places with higher levels and depths of anthropometric deprivation, such
as Indian and African regions, in Argentina, and especially in the north, child
malnutrition is a reality, as well as it is and will be a threat for the cognitive
and physiological development of the children of today, but conditioning their
capabilities and functionings of the adults of tomorrow.
In the unidimensional analysis, the rates of income incidence, with some ex-
ceptions in the speciﬁc consideration of malnutrition states according to type,
seem to have an awaited relationship with anthropometric deprivation, as shown
for the NOA and NEA regions. However, the story was not the same for the gap
coeﬃcients of income and anthropometry; in this case Cuyo and Pampa regions
exceeded the NEA and NOA regions.
In the bidimensional analysis, the FGT presented a higher depth of anthropo-
metric poverty in the NEA and NOA regions, which will suﬀer a higher chronic
poverty among poor members of the following generation. The same indicator but
only about the anthropometry space presents a higher depth of extreme poverty in
the Cuyo region, whereas the GBA region is the most aﬀected in terms of chronic
poverty. The latter with signiﬁcant implications in future terms of functional and
biological underdevelopment.
It was established that those anthropometric poor individuals presented more
unequal incomes than those who were poor and indigent according to their in-
comes. In terms of Gini and Sen anthropometric distribution, the NOA region,
in particular, showed higher income inequalities among undernourished families
than all the other regions.
Considering future possible research lines, in the case of counting on anthro-
pometric economics panel data9, it would be possible to enhance the evaluation
spectrum of the evolution of anthropometric poverty, on concepts such as growth
rate, for an analysis of a more precise evolution of nutritional states; it would
even be possible to use treatment and impact models to explain in great detail
9Natalia Porto mentioned the possibility of exploring the eﬃciency of other alternative
anthropometric measurements also included in the survey.
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the eﬃciency of general health plans about the state of child development within
a population or policies to improve the culture of nutrition of a population.
A natural extension of this work, in the same trans-disciplinary pattern, could
be the incorporation of dimensions to the multidimensional spectrum, so as to
truthfully reﬂect a global phenomenon such as children's poverty.
In the case of having panel data, another way could be a decomposition anal-
ysis of the bidimensional FGT indexes, which could be fruitful when it comes
time to look for relationships between the diﬀerent family characteristics and the
diﬀerent states of a detailed multidimensional poverty analysis.
Hoping to have promoted the spread of a new, national, broad-spectrum sur-
veys such as the ENNyS, which in future editions would make the panel and evo-
lution poverty analysis possible; the addition of new dimensionalities will help to
better identify and understand such a broad phenomenon as children's poverty.
In addition to the investigation of deep children's poverty, this work has tried
to take the ﬁrst step towards the design of eﬀective nutritional, educational and
cultural policies in the long term against the most rooted and deepest poverty of
an impoverished society.
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APPENDIX
A Figures
Figure 1 Income Distribution  Poor
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Source: Nutritional and Health National Survey (ENNyS) − 2005.
Curva Generalizada de Lorenz − Pobres
Figure 2 Income Distribution  Indigents
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Curva Generalizada de Lorenz − Indigentes
Figure 3 Income Distribution  Malnourished
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Curva Generalizada de Lorenz − Pobres Antropométricos
B Tables
Table 3: Heckman's censured estimation (ln wage)
(second step only)
Regressor Coef (sd) z P>|z| 95% Conf. Interval
edupc 0.243 7.59 0.000 0.18029 0.30592
(0.032)***
eduseci 0.481 13.75 0.000 0.41284 0.55015
(0.035)***
edusecc 0.748 20.55 0.000 0.67638 0.81897
(0.036)***
edutnounii 0.730 9.25 0.000 0.57547 0.88473
(0.079)***
edutnounic 1.000 18.05 0.000 0.89103 1.10815
(0.055)***
edutunii 0.540 4.01 0.000 0.27642 0.80423
(0.135)***
edutunic 1.107 9.37 0.000 0.87571 1.33880
(0.118)***
eduunii 1.031 19.11 0.000 0.92501 1.13649
(0.054)***
eduunic 1.448 28.80 0.000 1.34932 1.54641
(0.050)***
asiste 0.854 14.98 0.000 0.74226 0.96567
(0.057)***
edad 0.020 12.22 0.000 0.01695 0.02342
(0.002)***
edadsq -0.000 -4.90 0.000 -0.00009 -0.00004
(0.000)***
num int -0.032 -6.52 0.000 -0.04212 -0.02266
(0.005)***
const 5.543 91.44 0.000 5.41342 5.65058
(0.061)***
Mill's inv -0.895 -10.94 0.000 -1.0559 -0.73489
(λi) (0.819)***
Total Obs. 12423
Censored Obs. 1122 Wald Chi2(26) 1841.76
Uncensured Obs. (11301) Prob > Chi2 0.0000
Source: Author's estimation based on ENNyS  2004-2005.
*** signiﬁcative at 1%. ** signiﬁcative at 5%. * signiﬁcative at 10%.
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Table 4: Children up to 6 years of age. (EPH & ENNyS  2004-2005)
GBA Cuyo NEA NOA Pampeana Patagonia Arg.
EPH
Girls 1156 696 833 1554 1821 469 6529
Boys 1137 744 901 1544 1840 499 6665
Total 2293 1440 1734 3098 3661 968 13194
Mean Income (MI) 352.59 312.16 194.96 240.89 336.67 530.75 330.49
ENNyS
Girls 748 1003 1043 1193 1229 910 6126
Boys 796 1061 1114 1205 1165 968 6309
Total 1544 2064 2157 2398 2394 1878 12435
Mean Income (MI) 347.17 265.58 200.78 206.08 313.68 379.60 315.23
Weight-Height (Z¯1j) 0.584 0.292 0.137 0.295 0.526 0.511 0.472
(1.403) (1.335) (1.188) (1.239) (1.299) (1.259) (1.331)
Height-Age (Z¯2j) -0.220 -0.162 -0.353 -0.345 -0.249 -0.239 -0.260
(1.180) (1.191) (1.169) (1.151) (1.206) (1.163) (1.180)
Source: Author's estimation based on ENNyS (2004-2005) and EPH (2004-2005) surveys.
Table 5: Indigence and poverty lines 2004-2005
Income Lines GBA Cuyo NEA NOA Pampeana Patagonia
p1(Poor) 244.46 213.25 216.55 211.33 221.15 232.13
p2(Indigents) 111.17 99.27 99.83 97.83 104.94 115.06
Source: Author's estimation based on the oﬃcials poverty lines 2004-2005.
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Table 6: Head Counts
Region Hyp1 Hyp2 H1 H2 H3 H4 H
EPH
yp1
HEPHyp2
GBA 48.72 15.66 4.941 0.84 4.23 0.130 54.10 23.53
Cuyo 54.43 17.69 7.312 2.24 5.12 0.049 49.53 19.06
NEA 69.77 36.68 7.601 1.48 6.26 0.139 70.58 36.24
NOA 69.12 31.47 8.517 1.70 6.90 0.083 63.21 30.04
Pampeana 47.26 20.01 7.218 1.11 6.15 0.042 48.28 20.92
Patagonia 42.23 15.77 6.190 0.82 5.53 0.160 30.72 14.04
Argentina 50.79 20.23 6.628 1.23 5.49 0.092 53.96 23.90
Source: Author's estimation based on ENNyS (2004-2005) and EPH (2004-2005) surveys.
Table 7: Poverty, indigence, acute and chronic malnutrition gaps
Region P(yp1 ) P(yp2 ) P(1)† P(2) P(3) P(4)‡ PEPHyp1 PEPHyp2
GBA 20.43 5.23 0.58 0.11 0.47 0.05 25.26 8.86
Cuyo 23.65 6.49 0.64 0.26 0.38 0.10 22.34 7.15
NEA 36.71 14.23 0.66 0.16 0.50 0.08 36.34 13.81
NOA 34.25 11.43 0.64 0.21 0.43 0.09 31.43 11.32
Pampeana 22.62 9.77 0.71 0.15 0.56 0.08 22.42 7.84
Patagonia 17.82 5.15 0.56 0.13 0.43 0.06 14.20 5.34
Argentina 23.27 7.67 0.64 0.15 0.49 0.07 25.51 9.00
† : P(1) = P(2) + P(3)
‡ : P(4) = P(2) ∗ P(3)
Source: Author's estimation based on ENNyS (2004-2005) and EPH (2004-2005) surveys.
Table 8: Conventional F-G-T: Poverty, indigence and malnutrition
severity index (α¯ = 2)
Region FGT (yp1 , α¯) FGT (yp2 , α¯) FGT (zi1, α¯) FGT (zi2, α¯) FGT (yEPHp1 , α¯) FGT (yEPHp2 , α¯)
GBA 11.31 2.52 0.04 0.14 15.32 4.60
Cuyo 13.18 3.15 0.06 0.05 13.13 3.76
NEA 23.28 7.59 0.03 0.08 23.00 7.27
NOA 20.64 5.54 0.08 0.05 19.38 5.94
Pampeana 14.61 6.84 0.04 0.13 13.41 4.17
Patagonia 9.77 2.47 0.05 0.08 8.50 2.93
Argentina 13.77 4.18 0.04 0.12 15.49 4.71
Source: Author's estimation based on ENNyS (2004-2005) and EPH (2004-2005) surveys.
Table 9: Poverty, indigence and malnutrition generational deprivation
Bidimensional F-G-T (α(zij))
Region FGT (yp1 , α(zij)) FGT (yp2 , α(zij)) FGT (zi1, α(zij)) FGT (zi2, α(zij))
GBA 46.31 14.45 0.03 0.07
Cuyo 50.36 16.09 0.06 0.01
NEA 65.67 33.50 0.02 0.02
NOA 64.02 27.48 0.08 0.01
Pampeana 43.72 18.55 0.03 0.05
Patagonia 39.81 14.77 0.05 0.02
Argentina 47.38 18.34 0.04 0.05
Source: Author's estimation based on the ENNyS survey (2004-2005).
Table 10: Gini of the poor, indigents and malnourished
Region Gyp1 Gyp2 Gy,1 Gy,2 Gy,3 Gy,4
GBA 0.2348 0.1889 0.4380 0.4418 0.4017 0.0479
Cuyo 0.2348 0.1856 0.4125 0.3898 0.4237 0.0000
NEA 0.2882 0.2213 0.4564 0.4343 0.4441 0.1764
NOA 0.2618 0.1866 0.4737 0.4362 0.4797 0.4724
Pampeana 0.3113 0.3558 0.4352 0.3755 0.4406 0.0000
Patagonia 0.2296 0.1884 0.3821 0.3573 0.3759 0.1114
Argentina 0.2675 0.2297 0.4733 0.4488 0.4623 0.3333
Source: Author's estimation based on the ENNyS survey (2004-2005).
Table 11: Sen index of the poor, indigents and malnourished
Region Syp1 Syp2 S(1) S(2) S(3) S(4)
GBA 27.073 7.2005 2.4900 0.4325 1.9805 0.0554
Cuyo 30.877 8.5684 3.3919 1.0317 2.3882 0.0988
NEA 46.237 19.1983 3.8281 0.7333 3.0582 0.0904
NOA 43.379 15.1697 4.3715 0.8599 3.5339 0.0870
Pampeana 30.291 13.4132 3.5427 0.5105 3.0231 0.0840
Patagonia 23.425 7.1503 2.7114 0.3765 2.3472 0.0675
Argentina 30.632 10.556 3.4741 0.6023 2.8017 0.0796
Source: Author's estimation based on the ENNyS survey (2004-2005).
